. It was laid out in a Randomized Complete Block Design with three replications and includes four levels of seedling tuber size, viz. 6-<7, 7-<8, 8-<9 and, 9-≤10 g as represented by S1, S2, S3 and, S4 and three levels of seedling tuber, viz. 1, 2 and 3 hill -1 as represented by H1, H2 and H3, respectively. The highest tubers hill -1 (6.30), tubers weight hill -1 (128.90 g) and gross tuber yield (25.78 t ha -1 ) were found from S4 while the lowest from S1. On the other hand, the highest tubers hill -1 (5.66), tubers weight hill -1 (123.95 g) and gross tuber yield (24.79 t ha -1 ) were found from H3 while the lowest from H1.The highest tubers hill -1 (6.36), tubers weight hill -1 (138.35 g) and gross tuber yield (27.67 tha -1 ) were found in S4H3 and the lowest gross tuber yield (12.83 t ha -1 ) from S1H1. The highest benefit cost ratio (1.96) was found from S4H1. Tuber potato seed seedling tuber size of 9≤10 g with 1 seedling tuber hill -1 were found suitable for potato production.
Introduction
Potato (Solanum tuberosum L.) belonging to the family Solanaceae. It provides several vitamins, minerals and trace elements to the human in diet (Horton, 1987) . It is the 3 rd most important food crop of Bangladesh next to rice and wheat in terms of production. Bangladesh producing 9.0 million tons of potato from 0.5 million hectares of land with an average yield 14.74 t ha -1 (MOA, 2009 ) which is much lower compare to many potato growing countries of the world. Potato has acquired great importance in rural economy in Bangladesh. It is considered as a vegetable crop and contributes as much 55 % of the total vegetable production in Bangladesh (BBS, 2009) . The production of seed potato in Bangladesh per unit area remains more or less static. The total requirement of seed potatoes in Bangladesh is about 5.86 lac tons, whereas, the public and private sectors supplied about 10-12% of the total requirement (BBS, 2007) . The rest is covered by the farmer's own poor quality seed tuber. Therefore, the high cost and inadequate availability of healthy seed tubers are the major constraints in the production and productivity of potato in Bangladesh (Roy et al. 2009 ). To overcome this problem, an alternative technology of True Potato Seed (TPS) for potato production has great promise for producing both disease free and cheaper seed tuber. It reduces the cost of cultivation and to help the farmers to be less dependent on conventional seed sources (Upadhya et al. 2003; Pallais, 1994) . In Bangladesh, mini seedling tubers (≈10g) are usually neglected both in terms of ware potato and seedling tuber. The genetical constitution of each of the mini seedling tuber is more or less similar to that of standard one (Upadhya et al. 2003) . Wiersema (1984) stated that TPS seedling tubers have higher yield potentiality and the yields from these seedling tubers can be as high as that of large seed tubers when optimum plant spacing is used. Some of the mini seedling tubers may be planted together in a hill is known as clump planting, which could behave equally seed of its requirement to single normal tuber. Seedling tuber size and clump planting may consider very important factors for the production of potato. Unlike other crops, potato needs high investment in seed which is nearly 40% of the total cost (Verma et al. 2007 ). Khalafalla (2001) reported that the smaller the seedling tuber size, higher the profit in potato cultivation. In order to develop a technically sound and economically feasible standard method for production and utilization of TPS seedling tubers, the present study were undertaken to evaluate the yield performance of seedling tubers for commercial potato production.
Materials and Methods
The experiment was conducted at the Horticulture Farm, Sher-e-Bangla Agricultural University, Dhaka-1207, Bangladesh. TPS seedling tubers of the variety BARI TPS-1 were used as planting material. The experiment consisted of two factor, A: Four levels of seedling tuber size, viz. 6-<7, 7-<8, 8-<9 and, 9-≤10 g as represented by S 1 , S 2 , S 3 and, S 4 and B: three levels of seedling tuber, viz. 1, 2 and 3 hill -1 as represented by H 1 , H 2 and H 3 , respectively. The experiment was laid out in a Randomized Complete Block Design with three replications. The size of the each plot was 1 m × 1 m and the distance 50 cm × 10 cm was maintained. The field was opened in the 2 nd week of November 2010 with a power tiller and exposed to the sun for a week. Soil was treated with Furadan 5G @ 15 kg ha -1 during final ploughing. The crop was fertilized as the doses of 300, 220, 250, 100, 25, 15 and 10000 kg ha -1 for urea, TSP, MP, gypsum, zinc sulphate, boric acid and cowdung, respectively (TCRC, 2004) . Planting was done on November 28, 2010. Intercultural operations like weeding, earthing-up, irrigation were furnished for proper growth and development of the crop. Dithane M-45 was sprayed in two installment at an interval of 15 days from 50 DAP as preventive measure against late blight disease. The crop was harvested at 100 DAP when plants showing 80 to 90% of leaf senescence and the top started drying. Haulm cutting was done before 7 days of harvesting. Ten plants were randomly selected from each unit plot and data were collected on number of tubers hill -1 , weight of tuber hill -1 and gross yield. Yield is categorized into marketable (>20 g) and nonmarketable (<20 g). The potatoes from seedling tubers were graded with the help of a grader in four grade, viz. <28 mm, 28-45 mm, 46-55 mm and >55 mm diameter. Grades, <28 mm were considered as non grade, 28-45 mm and 46-55 mm as seed tubers while the tuber size >55 mm were considered as non-seed tubers. The mean values of all the parameters were calculated and analyzed with the help of MSTAT-C Program. The significance of the difference among the treatment combinations of means was estimated by least significance difference (LSD) at 5% level of probability.
Results and Discussion Tubers hill -1
The effect of seedling tuber size on number of tubers hill -1 was statistically significant (Table 1) . Result revealed that number of tubers produced hill -1 increased gradually with the increase in seedling tuber size till 8-<9 g and thereafter further increase seedling tuber size did not increase tubers hill -1 . The maximum number of tubers hill -1 was recorded in S 3 that was statistically similar to S 4 but S 3 produces 5% higher tuber hill -1 over S 4 while the lowest tubers hill -1 was recorded in S 1 . Reduction in the tubers hill -1 under smaller seedling tuber size might be due to lesser stems hill -1 . The increased stems hill -1 obtained from the large seed tuber might be due to higher number of potential eyes present on tuber and also due to more reserve food material than smaller, that supported vegetative growth of the plants which led to higher production. This result is consistent with many workers (Garg et al. 2000; Bong Kyoon et al. 2001; Khalafalla, 2001; Shingrup et al. 2003; Hossain, 2004; Verma et al. 2007 and Tohin, 2010) reported that tuber number hill -1 increased with increasing seed tuber weight till 55 g. Number of tubers hill -1 influenced significantly by the clump planting ( . The number of tubers depends on the competition among stems for growth factors. At lower stem densities competition is less, which results in a greater number of tubers per stem but, also in a smaller number of tubers hill -1 . When stem densities increase, the number of tubers per stem decreases, but the number of tubers hill -1 generally increases. This result is consistent with Wiersema (1987) reported that tuber number per unit area increased with increasing stem density. The interaction of seedling tuber size and clump planting had significant effect on number of tubers hill -1 (Table 2 ). The highest tubers hill -1 was recorded in S 3 H 3 followed by S 4 H 2 with same statistical rank but it was 7% higher than S 4 H 2 and the lowest tubers hill -1 was recorded in S 1 H 1 . Tuber hill -1 increased with increasing seedling tuber size and number of seedling tubers hill -1 . This is might be due to more reserve food material in large tuber than smaller and higher plant population hill -1 which ultimately contributed to produce higher number of tubers hill -1 through increase vegetative growth of plants.
Tuber weight hill -1
Seedling tuber size on tuber weight hill -1 was significant (Table 1) . Result revealed that tuber weight hill -1 increased with increasing seedling tuber size. The highest tuber weight hill -1 was recorded in S 4 whereas the lowest in S 1 . The lesser tuber weight in smaller sized tuber might be due to fewer tubers hill -1 and lesser tuber weight. Higher tuber weight in large seedling tubers was probably due to more reserve food material than smaller and that supported vegetative growth of the plants as well as produces more number of tubers hill -1 which ultimately increases the tuber yield. This result is supported by many workers (Gregoriou, 2000; Khalafalla, 2001; Reust, 2002; Malik et al. 2002; Shingrup et al. 2003; Sonawane and Dhoble, 2004; Verma et al. 2007; Gulluoglu and Aroglu, 2009; Tohin, 2010) reported that tuber yield decreased with decreasing seed tuber weight. There was a significant variation in tuber weight hill -1 due to clump planting (Table 1 ). The highest tuber weight hill -1 was recorded in H 3 and the lowest tuber yield hill -1 was recorded in H 1 . Tuber weight decreased with decreasing number of seedling tubers hill -1
. At higher stem densities, the number of tubers per stem decreases, but the number of tubers hill -1 generally increases which contribute to maximum tuber weight hill -1 . This result is consistent with Wiersema (1987) reported that tuber number per unit area increased with increasing stem density. The interaction effect of seedling tuber size and clump planting on tuber weight hill -1 was significant ( Table 2 ). The highest tuber weight hill -1 was recorded in S 4 H 3 that was statistically similar to S 3 H 2 , S 3 H 3 and S 4 H 1 . The lowest tuber weight hill -1 was recorded in S 1 H 1 that was statistically similar to S 1 H 2 . This is might be due to larger tuber which contains more reserve food material and higher plant population hill -1 which increases vegetative growth of plants and ultimately produce higher number of tubers hill -1 as well as tuber weight.
Gross yield of tuber
The gross tuber yield was significantly influenced by seedling tuber size (Table 1) . It increased with increasing seedling tuber size. The highest gross tuber yield was recorded in S 4 while the lowest S 1 . The gross tuber yield was lower in smaller seedling tuber size because of producing minimum tuber weight hill -1 . This result from large seedling tubers was probably due to more reserve food material than smaller and also due to higher number of potential eyes presents on tuber that increased vegetative growth of the plants which results in a greater number of tubers per unit area. This result is supported by (Gregoriou, 2000; Khalafalla, 2001; Reust, 2002; Malik et al. 2002; Shingrup et al. 2003; Hossain, 2004; Sonawane and Dhoble, 2004; Verma et al. 2007; Gulluoglu and Aroglu, 2009 and Tohin, 2010) where they reported tuber yield decreased with decreasing seed tuber weight. But the present result do not agree with the finding of Popova (1979) where the author reported that there was no significant difference in tuber yield of potato with different sizes of seed tubers, viz. small (30 g), medium (50-80 g) and large (80-100 g). The clump planting also significantly influenced the gross tuber yield in potato (Table 1 ). The highest gross tuber yield was recorded in H 3 and the lowest in H 1 that was statically similar to H 2 but H 2 produce 5% higher tuber over H 1 . Higher yield always associated with higher plant population. Size and number of tubers decreases but the number of tubers hill -1 generally increases at higher stem densities, which contribute to maximum yield per unit area. The results are in agreement with the earlier findings of several workers (Mandala and Arora 1987; Rashid et al. 1993 and Hossain, 2004) to assess the possibility of using <5 g seedling tubers as planting material. Nankar (1990) planted 1, 2 and 3 seedling tubers hill -1 in inter cropping system and found that 3 seedling tuber hill -1 gave the highest yield. But the present result do not agree with the finding of Tohin (2010) where reported that, lower tuber yield per unit area under dense population due to lesser amount of assimilate produced through lesser photosynthetic area plant -1 and competition of nutrients uptake by the plants. Significant variation was recorded by the treatment combinations of seedling tuber size with clump planting on gross tuber yield (Table 2 ). It increased with increasing seedling tuber hill -1 in the seedling tuber size of 9-≤10 g. The highest tuber yield ha -1 was recorded in S 4 H 3 . The lowest gross tuber yield tha -1 was recorded in S 1 H 1 that was statistically similar and 10% lower to S 1 H 2 . This is might be due to larger tuber which contains more reserve food material and higher plant population hill 
Marketable yield of tuber
Marketable tuber yield increased with increasing seedling tuber size (Table 1 ). The highest yield of tubers was recorded in S 4 followed by S 3 with same statistical rank that was 4% higher than S 3 . It might be due to high food reserves in large seed tubers which ultimately contributed to produce higher yield through increase vegetative growth of plants and rapid development of tubers. The lowest marketable tuber yield was recorded in S 1 . The marketable tuber yield was lower in smaller seedling tuber because of producing lower tuber weight hill -1 . This result is supported by many workers (Malik et al. 2002; Shingrup et al. 2003; Sonawane and Dhoble, 2004; Verma et al. 2007; Gulluoglu and Aroglu, 2009 and , Tohin, 2010) reported that marketable tuber yield decreased with decreasing seed tuber weight. The effect of clump planting was influenced significantly on marketable tuber yield (Table 1 ). The highest marketable tuber yield was recorded in H 3 while the lowest in H 1 . The higher tuber yield always associated with higher plant population and also produce maximum marketable tuber yield. The interaction effect of seedling tuber size and clump planting on marketable tuber yield tha -1 was significant ( Table 2 ). The highest marketable tuber yield was recorded in S 3 H 2 followed by S 4 H 3 with similar rank and S 3 H 2 give 4% higher yield than S 4 H 3 . The lowest marketable tuber yield was recorded in S 1 H 1 . ** = Significant at 1% probability, S 1 = 6-<7 g, S 2 = 7-<8 g, S 3 = 8-<9 g, S 4 = 9-≤10 g, H 1 = 1 seedling tuber hill -1 , H 2 = 2 seedling tubers hill -1 and H 3 = 3 seedling tubers hill -1 Table 2 . Combined effect of seedling tuber size and clump planting on number of tubers, tubers weight, gross yield of tuber, marketable and non-marketable yield of tuber ns= Non-significant, ** = Significant at 1% probability, * = Significant at 5% probability, S 1 = 6-<7 g, S 2 = 7-<8 g, S 3 = 8-<9 g, S 4 = 9-≤10 g, H 1 = 1 seedling tuber hill -1 , H 2 = 2 seedling tubers hill -1 and H 3 = 3 seedling tubers hill -1
Non-marketable yield of tuber There was a significant difference in non-marketable yield of tubers due to seedling tuber size (Table 1 ). The highest non-marketable yield of tubers was recorded in S 4 followed by S 3 . The lowest non-marketable tuber yield was recorded in S 1 . Non-marketable tuber yield in potato was significantly influenced by clump planting (Table 1 ). The highest non-marketable tuber yield was recorded in H 3 that was statistically similar. The lowest non-marketable tuber yield was recorded in H 2 . The interaction effect of seedling tuber size and clump planting on non-marketable tuber yield was insignificant (Table 2) .
Grade size distribution of tubers
There was significant variation in grade size of tubers due to different seedling tuber size except grade, >55 mm size (Table 3 ). The highest number of grade 46-55 mm and 28-45 mm tuber and, <28 mm tuber was recorded in S 1 and S 3 , respectively. The lowest numbers of grade 46-55 mm, 28-45 mm and <28 mm tubers were recorded in S 4 , S 3 and S 1 , respectively. The effect of clump planting on tuber grade was insignificant except grade 46-55 mm in size (Table 3 ). The interaction effect of seedling tuber size and clump planting on tuber grade was significant except grade >55 mm and grade 46-55 mm in size (Table 4 ). The highest number of grade 28-45 mm and <28 mm tuber was recorded in S 1 H 3 and S 3 H 3 , respectively while the lowest from S 3 H 3 and S 1 H 3 , respectively). ns = Non-significant, ** = Significant at 1% probability, * = Significant at 5% probability, S 1 = 6-<7 g, S 2 = 7-<8 g, S 3 = 8-<9 g, S 4 = 9-≤10 g, H 1 = 1 seedling tuber hill Yield of seed and non-seed tubers There was a significant difference on the yield of seed and non-seed tubers due to seedling tuber size (Table 3 ). The highest yield of seed and non-seed tubers were recorded in S 4 followed by S 3 with similar rank but S 4 give 2% seed and 19% non-seed tubers over S 3 . The lowest yield of seed and non-seed tubers was recorded in S 1 . The seed and non-seed tubers increased gradually with the increase in seedling tuber size. This result is in agreement with the findings of Hossain (2004) . Seed tubers yield in potato was significantly influenced but non-seed tuber yield was insignificant by clump planting (Table 3 ). The highest seed tuber yield was recorded in H 3 . The lowest seed tuber yield was recorded in H 1 that was statistically similar to H 2 . Tuber size and number depends on the stem densities. When stem densities increase, tuber size and number per stem decreases, but the number of tubers hill -1 generally increases and also seed tubers yield increases. Ultimately seed and non-seed tubers yield depends on the gross yield of tuber. The seed tubers increased gradually with (2004) . The interaction effect of seedling tuber size and clump planting on seed tuber yield was significant but on non-seed tuber yield was insignificant (Table 4 ). The highest seed tuber yield was recorded in S 3 H 3 that was statistically similar to S 4 H 3 . The lowest seed tuber yield was recorded in S 1 H 1 . ns = Non-significant, ** = Significant at 1% probability, S 1 = 6-<7 g, S 2 = 7-<8 g, S 3 = 8-<9 g, S 4 = 9-≤10 g, H 1 = 1 seedling tuber hill 
Economic analysis
Variation in cost of production was noticed due to the cost of seedling tuber and clump planting ( Table 5 ). The cultivation cost increased with increasing seedling tuber size and increasing seedling tubers hill -1 . The highest gross return was obtained from S 3 H 2 while the lowest from S 1 H 1 . The maximum benefit-cost ratio was recorded in S 4 H 1 that was apparently similar to S 2 H 1 . The lowest benefit-cost ratio was recorded in S 1 H 2 . From economic point of view, the seed tuber size of 9-≤10 g seedling tuber size with 1 seedling tuber hill -1 was more profitable than the other treatment combination. 
Conclusion
Seedling tubers derived from True Potato Seed have greater yield potentiality. The yields from these seedling tubers are high as of large seed tubers. Seedling tubers size of 9-≤10 g performs better on yield contributing characters. These seedling tubers can be planted as good quality seed tubers for ware potato production. Seedling tubers size of 9-≤10 g with 1 seedling tuber hill -1 was more profitable and may be used for commercial potato production.
